The magnetic state of the single-component molecular compound, [Cu(tmdt) 2 ], is investigated by means of 1 H-NMR. An abrupt spectral broadening below 13 K and a sharp peak in nuclear spin-lattice relaxation rate, T 
The orbital degeneracy is possibly responsible for the unique magnetic properties of M = Au and Cu compounds as follows.
[Au(tmdt) 2 ] undergoes an antiferromagnetic phase transition at T N = 110 K, as evidenced by susceptibility and NMR measurements, 5, 6 in spite of the metallic behavior in resistivity down to low temperatures. The first-principles calculation suggests a possible Fermi-surface instability into a spin-density-wave (SDW) in the tmdt conduction band formed by the asymmetric pπ orbital and predicts an antiferromagnetic spin configuration between two tmdt ligands within a molecule. 2 However, this SDW scenario has some difficulties in explaining experimental facts. For example, there is no change in resistivity around the antiferromagnetic transition. In addition, assuming that the SDW moment is on the tmdt ligand, the analysis of NMR spectra yields a sizable antiferromagnetic moment of 0. 1 , were measured under a magnetic field of 3.66 T in a temperature range from room temperature down to 1.9 K. The spectra were obtained by the fast Fourier transformation of echo signals observed after the so-called solid-echo pulse sequence, (π/2) x − (π/2) y . 8 The typical pulse width was 1.2 µs. The spectra were much broadened below 13 K, where we set the pulse width less than 1.0 µs in order to cover the whole spectral frequency. By examining the spectra with varying the radio frequency under the fixed magnetic field, we confirmed that the present pulse condition is sufficient for getting the whole spectra properly even below 13
is obtained by the standard saturation-recovery method. The relaxation curves of nuclear magnetization deviated from the single exponential function by the reasons described later; so we define T
−1 1
by fitting
whole temperature region.
III. RESULTS AND DISCUSSIONS
The 1 H-NMR spectra are shown in Fig. 2 . The spectral width characterized by the square root of second moment is about 17 kHz at room temperature (see Fig. 3 ), which is reasonably explained by nuclear-dipole interactions in a trimethylene group. Because of the small hyperfine coupling with conduction electrons, the Knight shift at proton sites is too small to be resolved, which explains why the spectral position is not changed against temperature variation, while the susceptibility shows clear temperature dependence. 7 On the other hand, the spectra are broadened below 13 K and extended over a frequency range of as large as ±700 kHz at 1.9 K. As shown in Fig. 3 , the square root of the second moment exhibits an abrupt but continuous increase below 13 K, indicating an appearance of internal fields due to a magnetic order. The nuclear spin-lattice relaxation rate T . In what follows, we estimate the antiferromagnetic moment from the observed spectra, using the atomic parameters obtained by x-ray diffraction study.
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As the dpσ spins form a quasi-one-dimensional antiferromagnetic chain along a axis, we The fitting exponent β for the nuclear relaxation curve, which measures spatial distribu-
1 , is shown in the inset of Fig. 5 . β is almost constant, around 0.9, for a wide temperature range from room temperature down to T N . The six protons in a molecule have different hyperfine coupling tensors against the external magnetic field, and the field is directed randomly against microcrystal axes in a powdered sample. This explains the small but finite deviation of β from unity even above T N . A sudden decrease in β below 13 K is a clear signature of additional inhomogeneous local field generated by the magnetic ordering.
The nuclear spin-lattice relaxation rate, T of a powdered sample with localized spins is given as
where
Here g is electron g-factor, γ N is the gyromagnetic ratio of the 1 H nuclei, J is the exchange interaction between spins of S, z is the coordination number, and B is regarded as a quasi-one-dimensional spin system with J of 169 K. In the just vicinity of
shows a steep variation due to the critical fluctuations; however, the temperature dependence is featured by the temperature-insensitivity for 20 K< T <40 K, and a crossover to a temperature-linear variation for 60 K< T <160 K (Fig. 5 ). This behavior is consistent with the scaling theory for the S = 1/2 Heisenberg chains model. 11 It predicts that the staggered susceptibility, which gives a constant T
−1
1 , dominates the low-temperature behavior at T << J/k B whereas at higher temperature (but below J/k B ), T is nearly temperature-independent below k B T /J∼0.12 and linear with temperature above the temperature quite similar to the present results. According to Ref. 12, the crossover temperature depends on the non-locality of the form factor in the hyperfine coupling constant. Anyway, the data in Fig. 5 corroborate that the spins form a one-dimensional system as suggested earlier.
As described in Introduction, molecular orbital calculations indicate that the pπ and dpσ orbitals are energetically close in the present system. Therefore, the observed behavior of T
−1 1
gives an experimental support for the picture that electron spins are on the dpσ orbital in [Cu(tmdt) 2 ].
IV. CONCLUSION
We have performed 
